






Although	 anatomic	 anterior	 cruciate	 ligament	 (ACL)	 reconstruction	 is	 established	 for	 the	 surgical	
treatment	 of	 anterolateral	 knee	 instability,	 there	 remains	 a	 significant	 cohort	 of	 patients	 who	
continue	 to	 experience	 post-operative	 instability.	 Recent	 advances	 in	 our	 understanding	 of	 the	
anatomical,	biomechanical	and	radiological	characteristics	of	the	native	anterolateral	ligament	(ALL)	
of	 the	 knee	 have	 led	 to	 a	 resurgent	 interest	 in	 reconstruction	 of	 this	 structure	 as	 part	 of	 the	
management	 of	 knee	 instability.	 This	 technical	 note	 describes	 our	 readily	 reproducible	 combined	
minimally-invasive	 technique	 to	 reconstruct	 both	 the	 ACL	 and	 ALL	 anatomically	 using	 autologous	
semitendinosus	and	gracilis	grafts.	This	simple	method	of	ALL	reconstruction	can	be	easily	integrated	
with	 all-inside	 ACL	 reconstruction,	 requiring	 minimal	 additional	 operative	 time,	 equipment	 and	
expertise.	
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still	 being	 established	 [3,14,19,20,29,32,35,36].	 Recent	 progress	 has	 been	made	 in	 reconstructing	4	
the	unstable	knee,	but	this	has	mainly	concentrated	on	restoring	the	mechanical	constraints	of	the	5	
cruciate	and	collateral	ligaments,	with	little	consideration	for	the	potential	of	the	ALL	itself	as	a	key	6	




not	 prevent	 the	 progression	 to	 early	 secondary	 osteoarthritis	 [21].	 Although	 its	 function	 remains	11	
controversial,	a	new	appreciation	for	the	existence	of	the	ALL	as	a	distinct	anatomical	structure	with	12	
the	 potential	 to	 confer	 rotational	 stability	 to	 the	 knee,	 has	 led	 several	 groups	 to	 advocate	13	
refinements	to	previous	extra-articular	ligament	reconstruction	techniques	to	more	precisely	restore	14	
the	 kinematics	 of	 the	 native	 knee	 [8,15].	 It	 is	 proposed	 that	 these	 procedures,	 when	 used	 in	15	
conjunction	 with	 arthroscopic	 anatomic	 anterior	 cruciate	 ligament	 (ACL)	 reconstruction,	 will	 be	16	
particularly	 beneficial	 to	 those	 patients	 who	 present	 with	 both	 anterolateral	 and	 rotatory	 knee	17	
instability,	or	who	remain	unstable	despite	standard	ligament	reconstruction.		18	
Following	 collaboration	 with	 other	 research	 groups	 and	 preliminary	 cadaveric	 studies,	 the	 senior	19	
author	 developed	 a	 minimally	 invasive	 anatomic	 technique	 with	 which	 to	 reconstruct	 the	20	
anterolateral	 corner	 of	 the	 knee	 using	 gracilis	 tendon	 autograft,	 in	 conjunction	 with	 ‘All-inside’	21	
quadrupled	 semitendinosus	 ACL	 reconstruction	 [24,40].	 Advantages	 of	 this	 combined	 technique	22	
include	 the	 requirement	 to	 harvest	 only	 a	 single	 set	 of	 hamstring	 tendons,	 as	well	 as	 providing	 a	23	
consistent,	facile	method	for	identification	of	the	anatomical	position	of	the	ALL	using	topographical	24	
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Examination	under	anaesthesia	 is	performed	to	confirm	significant	 rotatory	 instability	and	exclude	29	








The	 femoral	 socket	position	 is	 located	 immediately	anterior	 to	 the	 lateral	 femoral	epicondyle.	The	38	
tibial	socket	position	is	defined	by	a	point	equidistant	between	the	fibular	head	and	Gerdy’s	tubercle	39	








tissue	 is	 sharply	dissected	down	 to	bone.	The	2.4	mm	guidewire	 is	 advanced	medially	and	 slightly	48	
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inferiorly	 into	 the	 tibia	and	the	4.5	mm	cannulated	drill	 is	again	passed	to	a	depth	of	25	mm.	The	49	
prepared	 gracilis	 graft	 is	 kept	 moist	 whilst	 the	 semitendinosus	 graft	 is	 prepared	 as	 a	 GraftLink	50	
construct	 for	anatomic	all-inside	ACL	reconstruction	as	previously	described	 [24,40].	Following	ACL	51	
reconstruction,	 the	ALL	 graft	 is	 secured	 into	 its	 bone	 sockets	 using	 an	 appropriate	 tap	 and	 either	52	
4.75	 mm	 or	 5.5	 mm	 diameter	 bioabsorbable	 fully-threaded	 knotless	 anchors	 (SwiveLock	53	
BioComposite,	Arthrex),	depending	on	 the	diameter	of	 the	graft.	Although	we	 initially	 secured	 the	54	
graft	into	the	distal	(tibial)	socket	first	(as	seen	in	the	video	demonstration	-	see	footnote),	we	have	55	
since	found	it	is	easier	to	tension	the	graft	from	the	tibial	end	having	first	secured	the	whipstitched	56	
end	 into	 the	 femoral	 socket.	 The	 sutures	 are	 threaded	 through	 the	 hole	 at	 the	 tip	 of	 the	 graft	57	
fixation	anchor	so	 that	 the	graft	 is	held	snug	against	 the	anchor,	which	 is	 then	secured	within	 the	58	
femoral	 socket	 and	 deployed.	 The	 distal	 end	 of	 the	 ALL	 gracilis	 graft	 is	 then	 passed	 deep	 to	 the	59	
iliotibial	band	and	delivered	through	the	distal	skin	incision.	60	
The	distal	anchor	is	modified	by	passing	a	loop	of	high	tensile	strength	non-absorbable	suture	(No.	0	61	
Fiberwire,	Arthrex)	through	the	 length	of	the	anchor	and	 its	 insertion	tool	with	a	suture	passer,	to	62	
act	 as	 a	 snare	 for	 subsequent	 attachment	 along	 the	 distal	 end	 of	 the	 graft.	 This	 snare	 suture	 is	63	
passed	 over	 the	 graft	 and	 locked	 into	 place	 approximately	 7	 cm	 from	 the	 femoral	 insertion,	 by	64	
applying	tension	to	the	snare	loop,	(Fig.	2).	65	
Final	 graft	 tensioning	 is	 performed	 with	 the	 knee	 at	 30	 degrees	 flexion	 and	 the	 foot	 in	 neutral	66	
rotation.	The	graft	tension	can	be	palpated	and	adjusted	by	sliding	the	snare	suture	along	the	graft	67	




Radiographs	 are	 taken	post-operatively	 to	 verify	 fixation	position	 (Fig.	 4).	 Table	 1	 summarises	 the	72	
steps	involved	in	the	technique.	73	
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Historically	 the	 ALL	was	 considered	 a	 condensation	 of	 capsule	 or	 fibrous	 tissue	 around	 the	 knee,	75	
being	described	by	Segond	in	relation	to	the	eponymous	fracture	associated	with	avulsion	from	its	76	
insertion	 into	 the	 lateral	 tibia	 [32],	 (Fig.	 4).	 The	 identification	of	 a	 Segond	 fracture	has	 since	been	77	
used	as	a	diagnostic	tool	for	its	pathognomonic	association	with	ACL	rupture,	although	the	benefits	78	
of	anatomic	reconstruction	of	 this	 ligament	had	not	been	recognised	[6,11].	Reconstruction	of	 the	79	
unstable	knee	has	instead	concentrated	on	restoring	the	mechanical	constraints	of	the	cruciate	and	80	
collateral	ligaments	[26].	81	
Before	 the	 advent	 of	 arthroscopic	 reconstructive	 knee	 surgery,	 several	 extra-articular	 lateral	82	
tenodesis	techniques	were	employed	to	limit	the	pivot	glide	in	the	unstable	knee	[10,14,16,22,25].	83	
These	procedures	were	non-anatomic,	 required	extensile	 approaches,	 frequently	over	 constrained	84	
the	 lateral	 side	 of	 the	 knee	 and	 often	 left	 unacceptable	 residual	 instability	 [27],	 so	 were	 largely	85	
abandoned	 in	 favour	of	newer	 intra-articular	ACL	 reconstruction	 techniques	 [5].	 Early	 attempts	 to	86	
combine	 a	modified	 lateral	 tenodesis	with	 intra-articular	ACL	 reconstruction	 to	prevent	 persistent	87	
rotational	 instability	 had	mixed	 outcomes,	with	many	 series	 unable	 to	 demonstrate	 an	 additional	88	
benefit	of	anterolateral	 tenodesis	over	 intra-articular	 reconstruction	 in	 their	patient	groups	 [1,34].	89	
Consequently,	 there	 remains	 significant	 scepticism	 regarding	 the	 utility	 of	 ALL	 reconstruction.	90	
Despite	this,	a	combined	procedure	 is	still	considered	a	useful	option	for	revision	ACL	cases	and	in	91	
patients	 with	 high-grade	 rotational	 instability	 [5,26].	 We	 consider	 combined	 ACL	 and	 ALL	92	
reconstruction	in	such	cases,	as	well	as	in	elite	athletes,	or	those	with	hypermobility.	Several	clinical	93	
studies	 have	 now	 demonstrated	 improved	 stability	 and	 outcomes	 in	 patients	 following	 ACL	94	
reconstruction	 with	 extra-articular	 lateral	 augmentation	 including:	 the	MacIntosh	modified	 Coker	95	
procedure	 with	 autologous	 iliotibial	 tract	 [38];	 the	 over	 the	 top	 technique	 with	 a	 combined	96	
autologous	semitendinosus	and	gracilis	graft	[41],	and	with	various	techniques	in	combination	with	97	
revisions	ACL	reconstruction	[37].	Furthermore,	a	new	appreciation	for	the	existence	of	the	ALL,	as	a	98	
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refinement	 of	 these	 previous	 techniques	 in	 conjunction	 with	 anatomic	 arthroscopic	 ACL	100	





exact	 reconstruction	 technique	 is	 likely	 to	 evolve	 further	 to	 take	 advantage	 of	 the	 improved	106	
isometric	property	afforded	by	this	position	[17].	Additionally,	consistent	radiographic	landmarks	for	107	
the	origin	and	insertion	of	the	ALL	have	been	defined	for	accurate	surgical	reconstruction	[12,17,30].	108	
Although	 the	 ultimate	 tensile	 strength	 of	 the	 ALL	 is	 modest	 when	 compared	 to	 the	 cruciate	109	
ligaments	 [17,42],	 its	 lateral	 position	with	 respect	 to	 the	 ACL	 provides	 a	mechanically	 favourable	110	
lever	arm	with	which	to	resist	rotatory	moments.	Furthermore,	its	relatively	anterior	insertion	with	111	
respect	 to	 the	 LCL	 contributes	 to	 anterior	 and	 rotational	 stability	 [9]	 particularly	 at	 higher	 flexion	112	





Using	 the	 knowledge	 gained	 by	 recent	 detailed	 anatomical	 and	 biomechanical	 studies	 and	118	
combining	this	with	the	surgical	expertise	and	specialist	implants	available	in	the	modern	healthcare	119	
environment,	 we	 have	 been	 able	 to	 design	 and	 reproducibly	 demonstrate	 a	 relatively	 simple,	120	
minimally	invasive	procedure	to	replicate	and	restore	the	function	of	the	native	ALL	in	combination	121	
with	ACL	reconstruction.	122	
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An	 online	 video	 demonstration	 of	 this	 combined	 technique	 can	 be	 viewed	 at:	128	
https://www.vumedi.com/video/combined-all-inside-acl-anterolateral-ligament-reconstruction/	 	129	
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relationship	of	 the	anterolateral	and	 lateral	 collateral	 ligaments	 to	 the	 joint.	The	 joint	 line	 (JL)	has	132	
been	identified	with	a	hypodermic	needle,	the	femoral	socket	(FS)	position	is	defined	by	the	lateral	133	
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fracture	 at	 the	 insertion	of	 the	ALL	 (arrow),	b)	post-operatively,	 following	 combined	ALL	 and	 	All-144	
inside	ACL	reconstruction	(ALL	fixation	sockets	marked	by	dashed	lines).		145	
	 	146	
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